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[57] | ABSTRACT
Apparatus and method for extracting and recovering

SEPARATION 108
APPARATUS

precious metals from source materials, such as ore mate-
rials, incorporating these components, includes condi-
tioning the ore to have particle dimensions less than a
predetermined size. The resulting particles are exposed
to coherent radiation of sufficient intensity that, after
focusing, the radiation can vaporize or melt precious
metals incorporated in the particles or change the parti-
cles themselves. The processed ore particles are re-
moved from the processing site. The processing site can
have an inert gas environment, the inert gas carrying
the precious metal vapor to a site in which condensation
and filter apparatus removes the vaporized precious
metal from the inert gas. When the precious metals are
melted, the solidification of the melted precious metals
typically occurs on the exterior of the particle originally
incorporating the precious metals. The process i1s appli-
cable, not only to ores, but also to waste or resulting
process materials such as *““fly ash”, “sludge ash” or any
other materials in which the recovery components are
present in sufficient quantitites to make the process
economically feasible.

16 Claims, 3 Drawing Sheets
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APPARATUS AND METHOD FOR EXTRACTION
AND RECOVERY OF PRECIOUS METAL USING
COHERENT RADIATION

BACKGROUND OF THE INVENTION

l. Field of the Invention

This invention relates generally to the technology
involving separation of material components and, more
particularly, to the extraction and recovery of precious
metals, or fines, from ores and other source materials.

2. Description of the Related Art

In the past, the extraction and recovery of the pre-
clous metals constituents from the raw ore matrix have
typically been performed by heating or chemically
treating the unprocessed ore and separating the pre-
clous metal constituents.

Recently, the increasing requirement for precious
metals has resulted in a depletion of the high grade ores.
As lower grade ores are used as a source of precious
metals, the extraction or separation process has become
Increasingly difficult and expensive. In a majority of
- situations, tons of ore must be processed to extract and
recover ounces of precious metals. Thus, the processing
of ores of increasingly inferior quality has placed strin-
gent demands on the processing techniques. These strin-
gent demands have been imposed at a time of steadily
mounting energy costs and in the face of increasing
regulation with respect to the impact of the processing
on the environment.

A need has therefore been felt for apparatus and for
methods for processing low grade ores and other source
materials (i.e., ores an materials with low concentra-
tions of the recovery component) to extract precious
metals therefrom in a manner which is economically
competitive and environmentally feasible.

FEATURES OF THE INVENTION

It is an object of the present invention to provide
improved processing of ores and other source materials.

It 1s a feature of the present invention to provide an
improved technique for the extraction and recovery of
precious metal from an ore matrix or from other source
materials.

It is another feature of the present invention to ex-

tract and recover precious metals from an ore matrix or

from other materials by applying a focussed laser beam
to the unprocessed material.

It 1s still another feature of the present invention to
extract and recover precious metals from an ore matrix
or from other materials by using coherent radiation
impinging on the materials to vaporize the precious
metals. '

It 1s a further feature of the present invention to va-
porize precious metals embedded in an ore matrix or in
other materials and to recover the precious metals by
condensation of the vaporized precious metals.

It 1s a still further feature of the present invention to
provide a technique for the recovery of selected incor-
porated components from materials that result from

unrelated processing of source materials.
~ Itis yet a more particular feature of the present inven-
tion that, immediately after vaporization, the recovery
component particles condense in the form of dust, the
condensation resulting from the lower ambient temper-
ature in the vicinity of the processing site.

It 1s yet another particular feature of the present in-
vention to provide a technique for the transport of the

2

recovery material dust to separator and/or filter units
for collection of the recovery material.

SUMMARY OF THE INVENTION

The aforementioned and other features are accom-
plished, according to the present invention, by prepar-
Ing an ore matrix or other source materials in such a

- manner that the particle size of the source materials to
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be processed is less than a predetermined particle size.
The prepared materials are distributed uniformly. The
distributed prepared materials have a preselected thick-
ness, and are exposed to focused coherent radiation, the
preselected thickness permitting a substantial portion of
the source material to be so exposed. The focused co-
herent radiation has sufficient intensity to provide a
change for the recovery component(s) incorporated for
the distributed material or in the distributed material
itself. The processed (i.e., by coherent radiation expo-
sure) material is removed from the processing region.
The selected recovery component, when sufficient en-
ergy has been applied to vaporize the recovery compo-
nent, can be carried by an inert gas to a filtration appa-
ratus. When the recovery component, as a result of the
intensity of the radiation, is liquified (i.e., melted) and
resolidified, the recovery component can be separated
from the processed material by cyclone separators or
other suitable mechanical or chemical separation tech-
niques. By controlling the intensity of the coherent
radiation impinging on the distributed material at a
plurality of sites (i.e., increasing the radiation to prees-
tablished levels at the plurality of processing sites), a
plurality recovery components can be selectively re-
moved from the source material.

These and other features of the invention will be
understood upon reading of the following description
along with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a first embodiment of the apparatus for
extracting and recovering precious metals from an ore
matrix.

'FIG. 2 is a second embodiment of the apparatus for
extracting and recovering precious metals from an ore
matrix.

FIG. 3 illustrates one technique for applying coher-
ent radiation to the distributed source material.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

1. Detailed Description of the Figures

Referring now to FIG. 1, a first embodiment of the
apparatus for extracting and recovering components
such as precious metals from an ore matrix or other
source materials is shown. The source material 91 is
introduced into grinding apparatus 116. Grinding appa-
ratus 116 provides the first process step by providing a
feed material 101 having particles less than a prese-
lected maximum particle size. The feed material 101 is
transferred from the grinding apparatus 116 to a hopper
unit 113 by means of a conveyor belt assembly 112. The
hopper unit 113 has an adjustable opening 113A
through which the feed material 101 exits from the
hopper unit 113 under the force of gravity and falls
through the chamber unit 114. While falling through
the processing chamber unit 114, a beam of coherent
radiation 109 from laser unit 110 enters the processing
chamber unit 114 through a window or aperture (not
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shown) and produces a change in the falling feed mate-
rial 101 to produce a processed material 111. The falling
processed material 111 exits from the chamber unit 114

by an aperture not shown and is deposited on conveyor

belt assembly 115. The conveyor belt assembly 115
removes the processed material 111 from the vicinity of

the processing chamber unit 114. For one mode of oper-
ation in which the recovery component of the feed
material 101 is vaporized by the impinging laser beam

109, an inert gas is introduced into processing chamber

unit 114 by orifice 114A and is removed from the pro-
cessing chamber unit 114 through orifice 114B. The
orifice 114B is coupled to filtration and seParation appa-
ratus 106. The vaponzed recovery component is carried
from the processing chamber unit 114 by the flow of
inert gas or other suitable gas component and extracted

1n the filtration and separation apparatus 106. When the

recovery component is not vaporized by the impinging
laser beam 109, but rather is removed from the feed
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radiation defined by cylindrical lens 304 and the focal
point 303. In FIG. 3, the distance d designates the sepa-
ration of the focal point of lens 304 and the line where

the coherent radiation impinges on the feed material
101.
2. Operation of the Preferred Embodiment

The heat resulting from the interaction of the coher-
ent laser radiation and the feed material can result, for
selected feed materials and selected recovery materials,
in a sufficient change in the source material to permit
extraction of the recovery material. The coherent laser
radiation 1s provided with sufficient intensity to vapor-

“ize or liquify the recovery materials incorporated in the

feed material, or can change the structure of the feed
material matrix incorporating the recovery material to
permit application of previously ineffective extraction
and separation processes. To be effective, the size of the
feed material particles is reduced to a size which per-
mits the incident coherent laser radiation to provide the

material 101 matrix and/or is concentrated in regions of 20 requisite heating for a substantial majority of the partl-

the processed material 111, then the processed material
111 can be introduced into a separation apparatus 108
wherein the recovery component can be separated from
the remainder of the processed material 111.

Referring next to FIG. 2, a top view of a second
implementation of the apparatus for extracting and re-
covering selected components from a feed material 101
1s shown. The feed material 101, having been processed
to insure that no particle exceeds a preselected size (i.e.,
as indicated by grinding apparatus 108 in FIG. 1) is
deposited on conveyor belt assembly 201. The con-
veyor belt assembly 201 transports the feed material 101
through distribution apparatus 202. In distribution appa-
ratus 202, the feed material 101 is spread out on the
carrying surface of conveyor belt assembly to minimize
the shadowing of the laser radiation on particles of the
feed material 101 covered by other particles of the feed
material 101. The conveyor belt assembly 201 trans-
ports the now distributed feed material 101 into the
processing chamber unit 114. In processing chamber

cles of the feed material. When the feed material parti-
cles are too large, recovery materials incorporated
therein can receive insufficient heat to result in vapori-

- zation and/or liquification of the recovery material or

25

30

35

unit 114, coherent radiation 109A (and 109B) from laser

unit 110A (and 110B) are applied to the feed material.
The impinging radiation processes the feed material 101
to become processed material 111. The processed mate-
rial 111 can be deposited from conveyer belt assembly
201 to conveyor belt assembly 204 for removal from the
processing site (i.e., chamber unit 114). As in FIG. 1,
processing chamber 114 can have an inert gas flowing
therethrough to carry the selected recovery material
from processing chamber 114 to filtration and separa-
tion apparatus (106). In a manner similar to that shown
in F1G. 1, the processed material 111 can be transported
to separation apparatus (108) wherein the recovery
components can be separated from the processed mate-
rial 111 (e.g., by chemical techniques, cyclone separa-
tors, etc., depending on the composition of the pro-
cessed materlal 111).

Referring next to FIG. 3, a top view of the laser unit .
110, used in the preferred embodiment, is shown. The

laser unit 101 includes a coherent radiation source 301
that provides a collimated beam 109 of coherent radia-
tion. The laser radiation beam 109 is applied to lens 302
that focuses the coherent radiation 109 at focal point
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303. Beyond the focal point 303, a cylindrical lens 304 |

focuses the coherent radiation 109 approximately on a
line coinciding with plane defining the movement of the

05

feed material 101. The movement of the feed material

will generally be perpendicular to the plane of coherent

substantial change in matrix of the material incorporat-
ing the recovery material. Similarly, the particles com-
prising the feed material must be distributed in a manner
to prevent substantial shadowing of the feed material
particles by other feed material particles. In FIG. 1, this
distribution is controlled by the controllable exit port

“113A of the hopper unit 113, while in FIG. 2, the distri-

bution apparatus 202 can adjust the feed material parti-
cle distribution on the conveyor belt assembly 201 sur-
face. In addition, as indicated in FIG. 2, the effect of
shadowing can be reduced by focusing a plurality of
coherent laser radiation beams on the feed material
particles from different directions.

The inert gas flowing through the processing unit
provides a medium for controlling the motion of the
materials removed from the feed material by vaporiza-
tion and thereby can reduce the scattering of the inci-
dent coherent laser radiation by the products of vapori-
zation. The inert gas can also be used to minimize chem-
ical reactions, especially oxidation processes, that can
be facilitated by the relatively high temperatures and
the increased surface area of the vaporized recovery
products.

The embodiment of the present invention shown in
FIG. 1 has several advantages. For example, the inert
gas that is used as an environment during the vaporiza-
tion process can have a flow maintained therein that
removes the vaporized metal from the vicinity of the
vaporization site. This removal can reduce the effect of
the vaporized precious metal on the intensity of the
impinging coherent radiation and can reduce condensa-
tion on the ore matrix. The absence of the conveyor belt
also removes a possible condensation site for the vapor-
1zed precious metals.

‘The effectiveness of the present technique for the
extraction and recovery of precious metals from an ore
matrix 1s further enhanced by the availability of high
intensity, relatively efficient laser apparatus. The coher-
ent nature of the radiation from the laser permits focus-
ing of the energy to a well defined region, e.g., to a line
generally coincident with the feed material in the pre-
ferred embodiment. Thus, although the total energy can
be relatively small, in the vicinity of the focused radia-
tion beam, the energy can be easily sufficient to vapor-
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1ze or liquify recovery products or change the state of
the feed material matrix incorporating the recovery
material. As an example, the thermal shock of the co-
herent laser radiation can cause the feed material parti-
cles to disintegrate, making recovery products more
susceptible to previously ineffective recovery tech-
niques. The reaction of the feed material to the incident
coherent laser radiation can result in exposed local
(small) concentrations of the recovery material, again
permitting previously ineffective recovery processes to
be employed. In the vaporization of the recovery prod-
ucts, by adjusting the intensity of the incident coherent
radiation in a plurality of processing chamber units,
recovery materials can be selectively removed from the
feed material. | |

By way of example, the following parameters have
been used in the separation of a recovery material (pre-
cious metal) from a feed material (an ore). The size of
the particles comprising the feed material are 20 mesh
or smaller. The laser unit is a pulsed yttrium aluminum
garnet (YAG) doped with neodymium. The laser unit is
pulsed at 30 pulses per second delivering 1 Joule per
cm?. Each pulse delivers 400 watts or 100 watts per
linear inch, the laser beam being focused over 4 linear
inches. The spreading of the beam perpendicular to the
4 linear inches is estimated to be 20 thousandths of an
inch. These dimensions result in overlap of the coherent
radiation on the feed material as the feed material passes
through the coherent radiation beam. |

While the foregoing discussion has generally been
described with particular reference to recovery of pre-
cious metals from an ore matrix, this process is also
applicable to the by-products of large processing opera-
tions, such as “fly ash” and “sludge ash”. These by-pro-
duct materials are known to contain small, but signifi-
cant quantities of component materials, such as precious
metals, for which recovery has, in the past, not proven
economically feasible. The incineration of waste materi-
als is a notable example, as are many of the by-products
resulting from the processing of semiconductors. The
extraction and recovery technique of the present inven-
tion provides an economically feasible technique for the
recovery of these materials.

The foregoing description is included to illustrate the

operation of the preferred embodiment and is not meant

to limit the scope of the invention. The scope of the
invention is to be limited only by the following claims.
From the foregoing description, many variations will be

apparent to those skilled in the art that would yet be

encompassed by the spirit and scope of the invention.

What is claimed is:

1. Apparatus for extracting and recovering at least
one selected component from a feed material incorpo-
rating the selected component, said apparatus compris-
ing: |
sizing means for providing a feed material having

particles smaller than a predetermined size:
spreading means for providing a selected distribution

of said feed material particles moving through a

predetermined region;
radiation means for irradiating said predetermined

region with coherent radiation having an intensity
greater than a preselected value, said coherent
radiation causing at least one preselected property
of said feed material to be altered: and |
recovery means for recovering said selected compo-
nent from said feed material particles after irradia-
tion by said coherent radiation, said recovery
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means using said altered preselected property for
recovery of said preselected component.

2. The apparatus for extracting and recovering a
selected component of claim 1 wherein said coherent
radiation alters said preselected property in a one of said
selected component and said feed material particles.

3. The apparatus for extracting and recovering a
selected component of claim 2 wherein said coherent
radiation causes said recovery component to vaporize,
said recovery means including an inert gas atmosphere
for transport of said vaporized recovery component.

4. The apparatus for extracting and recovering a
selected component of claim 3 further comprising re-
covery means, sald recovery means including apparatus
for removing said selected component from said inert
gas.

5. The apparatus for extracting and recovering a
selected component of claim 3 wherein said radiation
means includes apparatus for spreading said coherent
radiation over a selected linear region through which
said feed material is constrained to pass.

6. The apparatus for extracting and recovering a
selected component of claim 5 wherein said radiation
means includes:

a laser unit;

a lens for decollimating radiation from said laser unit:

and

a cylindrical lens for focusing said decollimating radi-
ation on a linear region.

7. The apparatus for extracting and recovering a
selected component of claim 2 wherein said coherent
radiation causes said recovery component to be respon-
sive to separation from said feed material by a preestab-
lished technique as a result of said altered preselected
property, said apparatus further comprising separation
means for separating said recovery component from
said feed material.

8. The apparatus for extracting and recovering a
selected component of claim 5 wherein said spreading
means includes a hopper unit for controlling a distribu-
tion of feed material particles released therefrom, said
hopper unit positioned to permit said released feed ma-
terial particles to fall through said selected linear re-
gion.

9. The apparatus for extracting and recovering a
selected component of claim 5 wherein said spreading
means includes;

a conveyor belt assembly transporting said feed mate-
rial particles through said selected linear region;
and:

a distribution means for controlling a distribution of
said feed material particles on said conveyor belt
assembly.

10. The apparatus for extracting and recovering a
selected component of claim 5 wherein said radiation
means includes means for providing a plurality of prese-
lected linear regions, each of said linear regions process-
ing a different selected component.

11. Apparatus for extraction of selected components
from source materials incorporating said selected com-
ponents, said apparatus comprising:

-~ chamber means for permitting passage of said source

material therethrough;

~laser means for providing a focused coherent radia-
tion generally along a line within said chamber
means; and . |
distribution means for directing a substantial portion
of said source material passing through said cham-
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ber means through said line, wherein said focused
coherent radiation has an intensity to alter at least
one selected property of said source material, said
altered selected property permitting separation of

sald selected component from said source material.

12. The apparatus for extraction of selected compo-
nents of claim 11 wherein said coherent radiation has an

intensity to vaporize said selected component.

13. The apparatus for extraction of selected compo-
nents of claim 12 further comprising gas means for
causing a flow of gas through said chamber means and
for transporting said vaporized selected component
from said chamber means to a predetermined location.

14. The apparatus for extraction of selected compo-
nents of claim 11 wherein said coherent radiation has an
intensity to melt a substantial portion of said selected
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component, said apparatus further including separation
means for separating a substantial portion of a resolidi-
fied selected component from a substantial portion of
said source material.

15. The apparatus for extracting and recovering a
selected component of claim 1 wherein said preselected
property is chosen from the group consisting of chang-
ing the phase of said selected component and changing
a structure of said feed material particles.

16. 'The apparatus for extraction of selected compo-
nents of claim 11 wherein said selected property is
chosen from a group consisting of a phase of said se-
lected component and a structure of said source mate-
rial.

L x x X x
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